11 1. Many prey species overlap in time and space and are hunted by the same predators. A common 12 anti-predator behaviour are evasive manoeuvres to escape an attacking predator. The escape-tactic 13 diversity hypothesis postulates that species-specific differences in evasive behaviour will increase 14 the overall unpredictability experienced by predators within a predator-prey community. 15
INTRODUCTION 37
To successfully escape from a predator in a chase, prey animals have two main options: being faster or 38 being more manoeuvrable (Howland, 1974) . Higher manoeuvrability allows prey to abruptly change 39 its movement trajectory, making its behaviour variable and unpredictable. Unpredictable, erratic, or 40 "protean" behaviour is a common escape strategy found in numerous prey taxa (Humphries & Driver, 41 1967 , 1970 . In addition to variability within an individual and a species, interspecific variability in 42 escape behaviour has the potential to add another level of unpredictability. If multiple species in a prey 43 community vary in the parameters of their evasive movement, the overall variability and 44 unpredictability would increase and afford even higher protection against predators for the single 45 individual (Schall & Pianka, 1985) . Previous studies of prey communities have shown that different 46 species can use very different anti-predator strategies (Hölker et al., 2007; Randall, Hatch, & Hekkala, 47 1995; Wohlfahrt, Mikolajewski, Joop, & Suhling, 2006; Wolf, 1985) , such as changing microhabitat 48 versus reducing activity in response to the same predation risk (Hölker et al., 2007) . In addition, prey 49 could also exhibit inter-specific differences within one specific anti-predator strategy, such as evasive 50 movement ('escape-tactic diversity hypothesis', (Schall & Pianka, 1985) ). Interspecific differences in 51 evasive behaviour might be explained by interspecific differences in anatomy, such as muscle volume, 52 weight and size, which are correlated with speed, acceleration and turning performance (Wilson et al., 53 2018) . 54
Echolocating bats and eared moths are an ideal study system to address this question. Both groups 55 interact in an evolutionary predator-prey arms race (Jens Rydell, Jones, & Waters, 1995; Ter Hofstede 56 & Ratcliffe, 2016; Waters, 2003) . Many insectivorous bats have a broad diet consisting of many 57 different species of moths and other nocturnal insects (Anthony & Kunz, 1977; Bogdanowicz, Fenton, 58 & Daleszczyk, 1999; Findley & Black, 1983 ), which they hunt by echolocation in mid-air (Denzinger 59 & Schnitzler, 2013; Fenton, Portfors, Rautenbach, & Waterman, 1998) . Many flying moths rely on 60 evasive flight to escape echolocating bats. Moth evasive flight involves a two-staged response towards 61 an attacking bat [8] . For distant bats, moths receive a faint echolocation call and steer away from the 62 bat to avoid detection. For a close-by bat, moths receive a loud call and elicit last-ditch evasive flight 63 to escape the bat. The last-ditch evasive flight performed by many eared moths when trying to escape 64 an echolocating bat includes zig-zagging, loops, tight turns, passive dives, and power dives (Corcoran 65 & Conner, 2012; Kenneth D. Roeder, 1962) . Despite decades of research, this evasive behaviour was 66 never systematically quantified and compared on a species level. Several studies observed a "general 67 response" without going into further descriptions or quantifications of the actual behaviour (Göpfert & 68 Wasserthal, 1999 Here, we systematically quantified vertical flight strength of eight species of sympatric eared moths 80 with different sizes during tethered flight in a flight recorder. We studied size as one explanatory 81 variable underlying potential species-specific differences in evasive flight, since size is positively 82 correlated with acceleration in a butterfly (Berwaerts, Van Dyck, & Aerts, 2002) , and negatively 83 correlated with manoeuvrability in insects (Dudley, 2002) . We use vertical flight strength as proxy for 84 flight speed, which, like many other variables, increases when moths actively perform last-ditch 85 evasive flight (Corcoran & Conner, 2016 . Even though tethered flight does not allow us to 86 study actual 3D-flight behaviour, measurements of flight strength and its temporal variation do reveal 87 species-specific strategies for and interspecific differences in evasive flight. Furthermore, tethered 88 flight allowed us to exclude variation in received sensory input, by exposing all individuals to the 89 same acoustic stimulus mimicking an attacking bat, to trigger last-ditch evasive flight. We quantified 90 the inter-individual and inter-specific variability within a single anti-predator-strategy, (I) testing the 91 hypothesis of escape-tactic diversity in moths, predicting that last-ditch evasive flight varies more 92 between species than within species of a sympatric moth community, and (II) predicting that moth size 93 is one explaining variable for this variation. We developed a flight recorder to quantify moths' vertical flight strength (Fig. 1a ). The transducer 100 consisted of two small broadband loudspeakers (25 mm nominal diameter; NSW1-205-8A, 101
AuraSound, Guangzhou, China), which were connected via a light wooden connector that was glued 102 onto the loudspeakers' membranes. A plastic cylinder was centrally fixed to the wooden connector and 103 served as a holder for an insect pin attached to a moth (see below). Vertical forces generated by the 
Surface area measurement 163
We measured the surface area of 130 moths, mainly (72.7 %) overlapping with tested individuals (see 164 electronic supplementary material, Table S1 ). All individuals were deep frozen for at least 24 hours 165 and then fixed on a sheet of squared paper with completely spread wings to ensure maximum surface 166 area. Photos were taken from fixed distance and surface area was measured using Image J (National 167
Institute of Health, Bethesda, USA). We converted photos of moths into 8bit-black-and-white-images, 168 manually adjusted their intensity threshold to detect moth area. We used the automatic outline 169 detection to detect the moth's outline and calculated the area within the outline. Measured surface area 170 of individuals covered a range from 343 to 1008 mm 2 (see electronic supplementary material, Fig. S1 ). 171
We assigned the species' mean value to individuals without size measurements for subsequent 172 statistical analyses. This does not affect the potential correlation between size and flight strength, but 173 makes its detection more difficult due to reduced variation in size, making our analysis more 174 conservative. 175 176
Analysis of flight strength 177
The flight movement of the tethered moths moved the two loudspeaker membranes and thus generated 178 voltage fluctuations, which we recorded from 2 sec before until 1 sec after presentation of the 3-sec-179 long stimulus. For further analysis, we only analysed the time period around stimulus onset, from 1 s 180 before to 1 s after stimulus onset. We calculated the root-mean-square (RMS) of the recorded voltage 181 per 100 ms bins, resulting in 20 measurements per speaker over the analysed duration of 2 s. We ; Table S1 ), if flight strength was below threshold in both bins, it was defined as 204 "inactive" (N=74 ; Table S1 ). Six individuals had flight strengths once above and once below threshold 205 in those bins and were excluded (Table S1 ). We used linear models to fit PCs as a function of the fixed 206 effects species (categorical) and surface area (continuous; R version 3.
3.2, R Foundation for Statistical 207
Computing, Vienna, Austria; RStudio, version 1.1.463, RStudio, Bosten, USA). We tested for a 208 significant effect of factors on PC-values using likelihood ratio tests to compare the full model to the 209 model excluding a factor. 210 211 212
RESULTS 213
In total, we tested the flight behaviour of 172 individuals of eight eared moth species. 92 individuals 214 were flying before stimulus onset ("active moths"), while 74 were non-flying before stimulus onset 215
("non-active moths"; Table S1 ). Since we were interested to study evasive flight in flying moths, we 216 focus in the following on the active moths. Sample size varied between species as this depended on 217 moth availability, ranging from 33 (H. armigera) to two individuals (H. adaucta, D. porcellus). 218
Reactions to the acoustic stimulus were mostly consistent within a species, but differed between 219 species (Fig. 2) . We found three main reaction types in active moths, either constant flight strength We used a PCA to reduce the temporal correlation in flight strength measurements and to obtain 240 behavioural categories for testing the above observations. The first two components of the PCA of 241 active moths explain 95.7% of the overall variation in flight strength (Fig. 3a, PC1 : 82.6%, PC2: 242 13.1%), with overlapping clusters in PC1 and PC2 scores between species (Fig. 3b ). Loadings of these 243 two components (electronic supplementary material, Table S2) In addition to the 92 active moths that were flying at stimulus onset, we also tested 74 non-active 277 moths that were motionless at stimulus onset (Fig. S2, S3 ). Despite the very different initial state of of kinematic parameters during last-ditch evasive flight (Corcoran & Conner, 2016 . Our 292 observations are further supported because the reaction of a given species was independent of whether 293 individuals were flying or not at stimulus onset. This suggests that last-ditch evasive flight is to some 294 extent hardwired and can be elicited by the appropriate acoustic input. In addition, however, a 295 substantial amount of variation in flight strength also existed between individuals in some species. 296
Whether some moths furthermore show variation within individuals between subsequent executions of 297 evasive flight is yet unknown. In summary, our data supports the hypothesis of escape-tactic diversity 298 in moths. An echolocating bat preying on a multi-species prey community with prey-species-specific 299 differences in evasive flight faces larger variation and unpredictability than would be generated by any 300 single species. Species-specific differences in evasive flight within prey communities thus likely 301 provide increased protection against predators for each individual in the community, particularly if the 302 predator does not discriminate between prey species. In this case, it is not even necessary that prey 303 individuals form actual groups of multiple individuals that the predator encounters simultaneously. It 304 is sufficient that different species, which are attacked but not discriminated by the same predator, react 305 in different ways to prevent the predator from predicting the type of evasive action for each 306 independent attack. As we caught all moths in the same field site, a predatory bat has a high likelihood 307
of encountering different species while hunting in this habitat. 308
Our data of eight moth species suggest two key components of last-ditch evasive flight: overall flight 309 strength and temporal reaction type, with each species showing its unique combination and therefore 310 filling its own ecological niche. We could only test a large number of individuals in three species 311 (Noctua fimbriata, Helicoverpa armigera, Noctua janthe). Even though all three belong to the family 312 Behavioural thresholds are generally higher than neuronal thresholds, although the exact differences 347 and potential variation between species are mostly unknown (for discussion, see (Lewanzik & 348 Goerlitz, 2017)). Variation in the translation from neuronal activity to evasive flight might even add 349 additional unpredictability to the evasive flight of moths. Lastly, additional anti-predator strategies 350 could reduce the need for evasive flight. Although we caught all moths in the same open-field habitat, 351 moths might still possess species-specific differences in flight behaviour. For example, flying closer to 352 the ground or vegetation could be a potential anti-predator strategy, as close-by background structures 353 impairs bats' capture success due to sensory and motor constraints (Siemers & Schnitzler, 2004) . 354
Although size affects flight capabilities, we did not detect an effect of size on flight strength (PC1) or 355 main temporal reaction type (PC2). While a direct influence of size on temporal reaction type is not 356 obvious, we would have expected to find a positive correlation between moth size and flight strength. 357
The lack of this correlation might be due to the small number of individuals for some species, or too 358 few species tested altogether; or it might be a true effect. The lack of this correlation might have been 359 driven by the benefits of increased unpredictability, reducing size-dependent constraints on flight 360 strength. 361
362

CONCLUSION 363
Our data provide novel insights into the function and evolution of defensive strategies in mixed-364 species prey communities. We show that a basic measure, such as vertical flight strength, can reveal 365 both stereotypy and variability in escape strategies within and between species. We show that evasive 366 flight in moths is more variable on the community level than within any single species, confirming the 367 escape-tactic diversity hypothesis for eared moths. This inter-specific variability adds to the total 368 unpredictability of evasive flight that a predator experiences, and suggests an emergent benefit of 369 overlapping in time and space for prey animals. 370
